In testing for the J-curve, previous studies have shown that the trade balance model is better fitted using cointegration and error correction mechanisms. These mechanisms are able to incorporate the short-term deterioration and the long-term improvement of the trade balancethe definition of the J-curve. However, the drawback of the established cointegration and error correction frameworks is that they assume symmetry in the equilibrium adjustment process. Incidentally, studies which have used the linear frameworks have found little support for the Jcurve. Since the adjustment process could be nonlinear, a fresh investigation of the J-curve using nonlinear approaches could provide competing evidence. This paper retested the J-curve by using quarterly data for South Africa and her key trade partners (China, Germany, India, Japan, the UK and the US) and found the linear specification to support the J-curve phenomenon in only two cases (India and the US) under relaxed conditions. In contrast, the nonlinear specification supported the J-curve phenomenon in all cases at no cost of serial correlation and functional misspecification. We also found the real exchange rate changes to have significant nonlinear effects on the South African trade balance.
Introduction
In the international finance literature, it has been argued that the trade balance reacts to changes in the real exchange rate in a peculiar fashion. In particular, the argument has been that devaluations or depreciations could improve a deteriorating trade balance. However, such improvement may take some time to occur due to the adjustment lags in the underlying mechanism. Magee (1973) contended that production and delivery delays, recognition lag, among other factors, ensure that devaluations or depreciations do not improve a deteriorating trade balance instantaneously. Generally, the response of the trade balance to devaluation or depreciation is known as the J-curve, since the trade balance deterioration is eventually followed by an improvement in a fashion similar to the letter J (see Magee, 1973; Bahmani-Oskooee, 1985) . A formal verification of the J-curve in the trade balance was first laid down by BahmaniOskooee (1985) . 1 In his framework, he introduced the real exchange rate as one of the determinants of the trade balance. He found that the coefficients of the initial lags of the real exchange rate are negative, while the subsequent ones are positive, thus supporting the J-curve.
In contrast to Bahmani-Oskooee (1985) , Rose and Yellen (1989) contended that the appropriate way to model the trade balance is by introducing the short-run adjustment process, so that the short-run component will capture the short-term deterioration and the long-run component the long-term improvement. In other words, they recommended the use of cointegration techniques and error correction modelling when testing the J-curve. By using the US trade balance model with six of her trade partners, Rose and Yellen (1989) found no support for the J-curve. Bahmani-Oskooee and Fariditavana (2016) challenged this approach by arguing that the adjustment of the trade balance to equilibrium may be nonlinear. That is, the response of the trade balance to depreciation may be different from appreciation in such a manner that if we were to filter depreciation from appreciation, the support for the J-curve may become more apparent. They found the nonlinear autoregressive distributed lag (ARDL) model of trade balance to be more supportive of the J-curve than the linear ARDL model in a sample of US and her six major trade partners. Moreover, they found the real exchange rate changes to mostly affect the trade balance asymmetrically.
The US is a dominant economy in world trade. As such, it is possible that devaluation or depreciation of its currency against her major trade partners may enhance her trade balance in the long-term, thereby confirming the J-curve. However, will this be the case for South Africa, a country which has no influence in world trade? In this paper, we investigate the effects of real exchange rate changes on the trade balance of South Africa and her major trade partners. We follow Bahmani-Oskooee and Fariditavana (2016) by arguing that the linear trade balance model may not appropriately reflect the underlying relationship between the real exchange rate and the trade balance. Therefore, we formulate the trade balance model of South Africa and her major trade partners as a nonlinear ARDL model. The nonlinear ARDL model is a recently developed model by Shin et al. (2014) . Unlike its predecessor, the linear ARDL model by Pesaran et al. (2001) , it accounts for asymmetries in the movements of variables. It also contemporaneously performs well in small samples, applicable in mixed order integrated variables, and deals effectively with pre-testing bias.
Although the manner in which the trade balance responds to changes in the real exchange rate is an important issue to be considered in exchange rate policy formulation, no study has looked into it in the South African context. Investigating the trade balance model appears to be particularly interesting in the South African context because the country's currency (i.e. the rand) has depreciated rapidly against major currencies in recent years (Iyke, 2017) . Therefore, a support of the J-curve will imply that policymakers should concern themselves with maintaining a reasonable size of rand depreciation because the short-term trade imbalances are likely to be corrected in the long-term. In the next section, we present a brief background of trade policies and liberalization in South Africa. We followed this by outlining our methodology in section 3. Then in section 4, we report and discuss our empirical results. Section 5 concludes the paper.
Trade Policies and liberalisation in South Africa
South Africa had undergone a gradual process of trade liberalization in the past few decades. In the early 1970s, the first signs of trade liberalization were the introduction of export subsidies on the export side as well as the replacement of quotas with equivalent tariffs on the import side. In the 1980s, the focus was more on improving the condition for exports in the forms of duty exemptions and custom duty drawbacks rather than on the import liberalization (Cassim et al., 2004; Edwards and Lawrence 2008) . Such focus was further promoted with the promulgation of the General Export Incentive Scheme (GEIS) in 1990. This scheme was a national-wide package, which provided considerable incentive to exports based on value-added and local content (Cassim et al., 2004) . Despite the gradual progress of trade liberalization in the 1970s and 80s, the remarkable and sustained progress in trade liberalization actually took place in the 1990s [Edwards and Lawrence 2008; Department of Trade and Industry in South Africa (DTI), 2014] . In particular, the country signed the General Agreement on Tariffs and Trade (later known as the World Trade Organization (WTO)) in 1994, with an agreement to phase out the GEIS in threeyear's timeframe from 1995 onwards. The 1990s also witnessed the improvement of import liberalization. South Africa reached an agreement with the WTO on the tariff reduction schedule. After the tariff liberalization process, the simple average tariff reduced from 23% to 8.3% (DTI 2014) . Moreover, the average weighted import duties were lowered from 11% to 5% for capital goods, 34% to 17% for consumption goods, and 8% to 4% for intermediate goods (Cassim et al., 2004) . This showed the country's commitment to opening up its market to foreign firms. As a result of these liberalization policies, the value of both exports and imports increased significantly during the past few decades. 
Methodology
To determine the effects of the real exchange rate changes on the trade balance, the literature has formulated the bilateral trade balance between a given country and her trade partner as a function of real income in both countries, and their bilateral real exchange rate (see Rose and Yellen, 1989; Bahmani-Oskooee and Fariditavana, 2016; Iyke and Ho, 2017) . Hence, the bilateral trade balance model for South Africa and her trade partners will be of the form:
where denotes the trade balance between South Africa and her trade partner ; is the real income of South Africa measured as real GDP;
* is the real income of trade partner measured as her real GDP; is the bilateral real exchange rate between South Africa and her trade partner, whereby an increase in it denotes real appreciation and a decrease real depreciation of the South African rand; is the natural logarithm operator; are the parameters to be estimated; is the iid error term; is the time subscript.
It is expected that increases in South Africa's real income will affect her trade balance positively, while increases in her trade partner's real income will affect it negatively. This is because, as South Africa's real income increases, her propensity to import will also increase. Similarly, as her trade partner's real income increases, the demand for South Africa's export will increase. Real depreciation is expected to improve the trade balance because it will increase South Africa's exports and reduce her imports.
By definition, the J-curve indicates that the trade balance may continue to deteriorate before experiencing an improvement in the long term, following a depreciation or devaluation policy. Therefore, to capture the J-curve phenomenon better, it is important to formulate the short-term adjustment mechanism (Rose and Yellen, 1989) . The ARDL approach advanced by Pesaran et al. (2001) is very suitable for capturing the short-term adjustment process of the trade balance model. The short-term dynamics of Eq. (1) can be formulated as:
where , , and are the iid error term, the short-run coefficients, and the long-run coefficients of the model, respectively; ∆ is the first difference operator. denotes the maximum lag of the model. Note that the short-term effects are the coefficients of the first-differenced variables. The long-term effects, on the other hand, are derived by setting the non-first-differenced lagged component of Eq. (2) to zero and normalizing 2 to 4 on 1 . In this case, if values of 4 are initially negative and the subsequent values are positive, while 4 / 1 is positive and significant, the J-curve is confirmed.
In order to ensure that estimates of Eqs. (1) and (2) are reliable, the coefficients 1 , 2 , 3 , and 4 must be jointly significant. In other words, the variables have to be cointegrated. To this end, Pesaran et al. (2001) have developed two sets of critical values under this null hypothesis (i.e. 1 = 2 = 3 = 4 = 0). Under the first set of critical values, the variables in Eq. (2) are assumed to be integrated of order zero, I(0), while under the second set the variables are assumed to be integrated of order one, I(1). We reject cointegration if the calculated F-statistic is less than the first set of critical values. There is cointegration if the calculated F-statistic is greater than the second set of critical values. However, the test becomes inconclusive if the calculated F-statistic lies in-between both sets of critical values. The strength of this approach is that it does not require us to pre-test the integration properties of the variables.
It is possible that the above specification may fail to establish the existence of the J-curve in the trade balance model. However, such a failure may be as a result of the assumption that the real exchange rate changes have symmetric or linear effects on the trade balance. If we filter appreciations from depreciations and evaluate their separate effects on the trade balance, depreciations may have significant effects whereas appreciations may not (see Bahmani-Oskooee and Fariditavana, 2016; Iyke and Ho, 2017) . This suggests that the effects of the real exchange rate changes on the trade balance may be nonlinear. In this sense, a suitable nonlinear model will improve the specification of the trade balance model and the testing for the J-curve. This can be achieved by decomposing the real exchange rate into positive (appreciation) and negative (depreciation) partial sums as follows:
where + and − denote, respectively, partial sums of the positive and negative changes in . They are defined formally as: 
Note that the coefficients and the iid error in Eq. (5) 
Empirical Results
This section presents the estimates of the specifications in Eqs. (2) and (5). The results are based on the bilateral trade data between South Africa and her key trade partners. According to the information available on the Observatory of Economic Complexity (OEC) 3 , Trading Economics 4 , and South Africa's Department of Trade and Industry (DTI) 5 websites, the key trade partners of South Africa are: China, Germany, India, Japan, the United Kingdom (UK), and the United States (US). 6 The variables used in the paper are provided in Table 1 . The data is quarterly and spans the period 1998Q1 to 2016Q2. To prevent overfitting of the models, we restrict the maximum lags to 4 and utilized the Akaike information criterion (AIC) to choose the optimal lags. The empirical estimates are reported in Tables 2 to 6 . Each of these tables is separated into two panels. Panel A reports the short and long-run estimates of the linear ARDL specification together with the diagnostic tests. Similarly, Panel B reports the short and long-run estimates of the nonlinear ARDL specification together with the diagnostic tests.
Let us consider South Africa's trade with China. The estimates for this case are reported in Table  2 . The linear ARDL results shown in Panel A suggest that the real exchange rate has no significant short and long-run impacts on the trade balance. Also, the F-statistic fails to establish any evidence of cointegration among the variables. An alternative way to assess the presence of cointegration is by normalizing the long-run coefficients in Eq. (2), calculating the error correction term (ECT), and testing its significance (see Bahmani-Oskooee and Fariditavana, 2015) . The error correction term estimated here is clearly negative and significant, suggesting the presence of cointegration. For these results to be valid, serial correlation should be absent, the coefficients should be stable, and the functional form should be correctly specified. The LM, RESET, CUSUM, and CUSUMSQ tests 7 reported at the bottom of Panel A show that there is no serial correlation and functional misspecification, and that the coefficients are stable. Hence, the results are correctly estimated. We can conclude that the J-curve is not supported in the linear ARDL specification for the South Africa-China trade.
Could it be that we failed to establish the J-curve in the South Africa-China trade because we assumed linearity between the real exchange rate and the trade balance? In their study, BahmaniOskooee and Fariditavana (2016) found that the J-curve is more likely to be supported within nonlinear specifications than in linear specifications. Following their lead, we estimated a nonlinear ARDL specification and reported the results in Panel B of Table 2 . The results suggest that depreciation of the real exchange rate has both short and long-run impacts on the South Africa-China trade balance at the conventional levels of significance, while real appreciation has no impact. That is, depreciation enhances the South Africa-China trade balance. The impact of the real exchange rate on the South Africa-China trade balance is nonlinear. Crucially, the Jcurve is supported in the nonlinear ARDL specification. The diagnostic tests presented at the bottom of Panel B suggest that the specification is correctly estimated. Moreover, the evidence of cointegration is strongly supported using the F-test and the ECM-based test.
The estimates for the South Africa-Germany trade balance specification reported in Table 3 are similar to the above case. The J-curve is not supported in the linear ARDL specification but supported in the nonlinear specification, although both specifications are correctly specified as shown by the diagnostic tests. The evidence suggests that the real exchange rate changes have nonlinear impact on the trade balance as shown by the coefficient estimates of POS and NEG. Unlike these results, those of the South Africa-India and the South Africa-US trade balances reported in Tables 4 and 5 support the J-curve both in the short and the long run using the linear specification (see Panel A in Tables 4 and 5 ). However, the South Africa-India model fails the serial correlation test, while the South Africa-US model fails the functional specification test. This means that the estimates in both cases may be unreliable. Now, when we consider the estimates of the nonlinear ARDL model for both the South Africa-India and the South Africa-US trade balances reported under Panel B in Tables 4 and 5 , there is clear evidence that the J-curve is supported in the short and the long run. Also, there is evidence in support of cointegration using the F-test and ECM-based test. The coefficients are structurally stable, and there is no serial correlation and functional misspecification.
Finally, let us consider the South Africa-Japan and the South Africa-UK trade balance models. The results for both the linear and nonlinear ARDL models are reported in Tables 6 and 7 . Clearly, the linear ARDL results reported in Panel A of both tables suggest that the real exchange rate has no significant short and long-run impact on the trade balance. Hence, if we rely on the linear specification, we may conclude that the J-curve is refuted in both the South Africa-Japan and the South Africa-UK trade balance models. Note that the RESET test indicates that the linear model is misspecified for the South Africa-Japan trade balance model, while the CUSUMSQ test indicates that the parameters are not stable in the South Africa-UK trade balance model. Therefore, we must turn to the nonlinear models. The results for the nonlinear models are reported in Panel B of Tables 6 and 7 . For these results, it is apparent that the J-curve is now supported both in the short and the long run in the South Africa-Japan trade balance model. Real depreciation improves the South Africa-Japan trade balance, while real appreciation has no effect on it in the long run. In other words, the real exchange rate changes have nonlinear effects on the South Africa-Japan trade balance. Similarly, there is support for the J-curve in the long run for the South Africa-UK trade balance model. Moreover, the real exchange rate changes appear to have asymmetric effects on the trade balance in this case. There is also evidence in support of cointegration, structural stability, no serial correlation, and no functional misspecification in both models.
To summarize, our empirical results suggest that the linear ARDL specification supports the Jcurve phenomenon in only two cases, namely: India and the US. Even so, we have to permit serial correlation and/or functional misspecification for this to happen. In contrast, the nonlinear ARDL supports the J-curve phenomenon in all cases at no cost of serial correlation and functional misspecification. That aside, the nonlinear specification revealed that the real exchange rate changes have significant nonlinear effects on the South African trade balance. Our findings are generally in line with those recently documented by Bahmani-Oskooee and Fariditavana (2015; 2016) .
Conclusion
Theoretically, the basic policy implication for economies that are suffering from trade balance deterioration is to devalue their currency or to pursue policies that promote real depreciations. But it is now an established fact that the trade balance does not respond to real depreciation or devaluation immediately. The deterioration in the trade balance will ensue for a while before improving following the depreciation. This characteristic of the trade balance in response to depreciation or devaluation is referred in the literature as the J-curve. Due to the short-term deterioration in the trade balance which may experience improvement in the long-term, cointegration techniques have been particularly suitable for the testing the J-curve. However, majority of the existing studies have assumed that the underlying relationship between the real exchange rate and the trade balance is linear in nature, thereby proceeding to use linear cointegration approaches. Recent studies have found that the linear approaches may not take into account all the information available and therefore may fail to support the J-curve in most cases. The recent studies recommend the nonlinear ARDL approach to be used for testing the J-curve. Following this recommendation, we retested the validity of the J-curve phenomenon in South Africa by using the linear ARDL approach and the recently developed nonlinear ARDL approach. Using a quarterly data for South Africa and her key trade partners (China, Germany, India, Japan, the UK and the US) which covered the period 1998Q1 -2016Q2, we found that the linear ARDL specification supported the J-curve phenomenon in only two cases, namely: India and the US. In order for the J-curve to be supported for these two cases, we allowed serial correlation and/or functional misspecification. In contrast, the nonlinear ARDL supported the Jcurve phenomenon in all cases at no cost of serial correlation and functional misspecification. We also found that the real exchange rate changes have significant nonlinear effects on the South African trade balance. Shin, Y., Yu, B.C. and Greenwood-Nimmo, M. (2014) . "Modelling asymmetric cointegration and dynamic multipliers in a nonlinear ardl framework", in Sickels, R. and Horrace, W. (Eds), Festschrift in Honor of Peter Schmidt: Econometric Methods and Applications, Springer, New York, NY, pp. 281-314. Verheyen, F. (2013) . Interest rate pass-through in the emu: new evidence using nonlinear ARDL framework. Economics Bulletin 33:729-739. 
